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Effect of hemorrhagic reduction in blood pressure on recovery
from acute renal failure
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University of Colorado Health Sciences Center, Veterans Administration Medical Center, Denver, Colorado, and SUNY Stony Brook, Stony
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Effect of hemorrhagic reduction in blood pressure on recovery from
acute renal failure. The effect of hemorrhagic reduction in systemic
blood pressure (SBP) to 90 mm Hg for four hours on autoregulation of
renal blood flow (RBF), renal function, and renal histology was exam-
ined in control rats, one week norepinephrine—induced acute renal
failure (NE-ARF) rats with intact renal nerves, and one week NE-ARF
rats with prior renal denervation. The results showed that in control
rats, hemorrhagic SBP reduction to 90 mm Hg had no effect on
autoregulation of RBF (autoregulatory index = 0.09 0.02), creatinine
clearance, or renal histology. However, in one week NE-ARF rats with
intact renal nerves, hemorrhagic reduction in SBP to 90 mm Hg was
associated with marked impairment of autoregulation of RBF (autoreg-
ulatory index = 3.49 0.25), further reduction in creatinine clearance
from 0.59 0.08 mI/mm to 0.36 0.14 mI/mm, and histologic evidence
of recurrent ischemic injury. Renal denervation prior to SBP reduction
improved autoregulation of RBF (autoregulatory index = 0.30 0.09),
prevented the further reduction in creatinine clearance, and signifi-
cantly ameliorated the deleterious effect on renal histology seen in
innervated NE-ARF rats. These results suggest the potential impor-
tance of the loss of autoregulation of RBF on the course of NE-ARF,
and further support the pathogenetic role of renal nerves in the loss of
autoregulation.
We have recently defined the natural history of norepineph-
rifle (NE) induced ischemic acute renal failure (ARF) in the rat
[I]. In this experimental model, basal renal blood flow (RBF)
during the maintenance phase of ARF was not significantly
reduced from normal values. However, autoregulation of RBF
in response to a decrement in renal perfusion pressure (RPP)
induced by aortic clamping was severely impaired [I]. A similar
abnormality in the autoregulation of RBF has been observed in
other experimental models of ischemic ARF [2, 31. In our
studies [1], the loss of autoregulation of RBF was associated
with a decreased renal vascular response to renal artery infu-
sion of NE, angiotensin II (A II) and acetylcholine (Ach).
Paradoxically, renal vascular resistance (RVR) increased dur-
ing graded reductions of RPP, and the renal vascular response
to direct renal nerve stimulation was increased; moreover, this
response was not attenuated by the non-selective alpha—
adrenergic blocker, phenoxybenzamine. Finally, a pathogenetic
role of renal nerves in the loss of autoregulation was indicated
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by improvement of autoregulation of RBF after acute renal
denervation. However, in that study the functional significance
of the loss of RBF autoregulation on recovery from NE-induced
ARF was not defined.
In the present study, the effect of hemorrhagic blood pressure
reduction to the lower limit of the autoregulatory range was
examined in the recovery phase of NE-ARF. As an initial step,
the autoregulatory capacity with reduction in systemic blood
pressure (SBP) by hemorrhage was determined. If loss of
autoregulation was demonstrable by hemorrhagic blood pres-
sure reduction and was of pathophysiological significance, then
a temporary decrease in RPP to the lower limit of autoregu-
lation during the maintenance phase of NE-ARF would be
anticipated to induce recurrent ischemia and perhaps prolong
the duration of ARF. Moreover, if renal nerves were etiologi-
cally important in the loss of autoregulation of RBF, then renal
denervation just prior to the decrease in RPP should be protec-
tive against recurrent renal ischemia. Therefore, we assessed
the effect of hemorrhagic reduction in SBP to the lower limit of
autoregulation on autoregulatory capacity (Experiment A),
renal function (Experiment B), and renal histology (Experiment
C) in three groups of animals: control, one week NE-ARF, and
one week NE-ARF with renal denervation prior to reduction in
SBP. The results showed that hemorrhagic reduction in SBP to
the lower limit of autoregulation, which had no effect on control
rats, caused a marked reduction in RBF and induced recurrent
azotemia and histologic evidence of fresh ischemic injury in one
week NE-ARF rats. Moreover, the deleterious effect of de-
creased SBP on RBF and the course of NE-ARF was prevented
by prior renal denervation.
Methods
Acute renal failure model
The technique of disease induction and the natural history of
NE-ARF have been described previously [4]. Briefly, adult
Sprague—Dawley rats underwent right nephrectomy 10 days
prior to disease induction. After pentobarbital anesthesia, the
left renal pedicle was exposed through a small flank incision. A
micropipette (OD 35 tm) mounted on a micromanipulator and
attached to a motor driven syringe containing NE was intro-
duced into the renal artery. Norepinephrine was delivered at 0.6
iglkg min for 90 minutes. The micropipette was removed,
the surgical wound was closed, and the rats were returned to
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metabolic cages. They received ad libitum water and a low
potassium diet (ICN Pharmaceuticals, Cleveland, Ohio, USA)
for 72 hours and a standard rat chow diet (Wayne Feed,
Longmont, Colorado, USA) thereafter. Peak azotemia oc-
curred between 24 and 36 hours after NE infusion, remained
stable over the next week and fell gradually to control levels
over the 14 to 21 days. RBF fell to zero at the time of NE
infusion, returned to 70% of control levels by 24 hours, and
gradually rose to control levels by one week. Inulin clearance
(CIN) fell to zero following NE infusion and slowly rose to 40%
of control at one week and 85% of control by three weeks.
Oliguria relative to control was present for 48 hours after NE
infusion and varied from continued oliguria to polyuria there-
after.
Experiment A: Autoregulation with hemorrhagic reduction in
SBP
Fifteen Sprague—Dawley rats weighing 250 to 300 g that had
undergone ARF induction with NE were divided into three
groups: Group I, sham—infused controls (N = 5) were
uninephrectomized rats in which 0.9% saline had been substi-
tuted for NE; Group II, NE-ARF rats with intact renal nerves
(N = 5); and Group III, NE-ARF rats that had undergone renal
denervation on day six prior to testing autoregulation on day
seven (N = 5). Renal denervation was carried out as follows:
rats were removed from metabolic cages and placed on a heated
surgical table. After light ether anesthesia, the left renal artery
was exposed via a flank incision. The renal artery was dissected
bluntly from the renal vein. Renal denervation was accom-
plished by circumferential application to the renal artery of a
10% phenol in ethanol solution for 30 minutes. The flank
incision was then closed and the animals returned to metabolic
cages. Adequacy of the denervation procedure has previously
been documented in this laboratory by a doubling of urinary
sodium excretion after denervation [1]. Blood urea nitrogen
(BUN), serum creatinine (Scr) and endogenous creatinine clear-
ance (C-) were determined on days 0, 3 and 7.
On the seventh day after NE infusion, the animals were
anesthetized with pentobarbital, 60 mg/kg i.p., after solid food
had been withheld overnight. An endotracheal tube was posi-
tioned and catheters were placed in the right jugular vein,
femoral artery, and femoral vein. The left kidney was exposed
through a flank incision, the renal artery dissected bluntly from
the renal vein, and a catheter placed in the proximal ureter.
Blood pressure was measured through the right femoral artery
catheter connected to an electronic transducer (model PD23,
Statham Instruments, Oxnard, California, USA) and a direct
recorder (model 7702B, Hewlett—Packard, Elkhart, Indiana,
USA). Ringer's lactate containing inulin sufficient to give
plasma concentrations of 50 to 100 mg/dl was infused at 2 mI/hr
through the jugular venous catheter. After one hour of equili-
bration, blood and urine samples were collected for CIN mea-
surement and RBF was recorded at the baseline mean SBP. The
RBF was measured with a miniature flow probe (Carolina
Medical Electronics, King, North Carolina, USA) placed about
the renal artery and attached to a digital recorder. The flow
probe calibration was by the method of Arendshorst, Finn and
Gottschalk [5]. RBF was recorded five minutes after RPP was
stabilized at each respective pressure. Measurements were
made in duplicate. Reduction in SBP was achieved by removal
of blood from the right femoral vein with a heparin—rinsed
syringe. When a stable SBP of approximately 105 mm Hg was
achieved, RBF and CIN were again measured. The measure-
ments were repeated when sufficient additional blood had been
removed to stabilize the SBP at approximately 90 mm Hg, the
lower limit of RBF autoregulation in Sprague—Dawley rats [5].
Total volume of blood removed ranged from 0.8 to 1.5 ml, and
was not different among the groups.
Experiment B: Effect of he,norrhagic SBP reduction on
functional recovery from ARF
Studies were carried out on uninephrectomized Sprague—
Dawley rats weighing 250 to 300 g. The animals were divided
into three groups of five rats: Group I, sham—infused control
rats undergoing hemorrhagic blood pressure reduction on day
seven; Group II, NE-ARF rats undergoing hemorrhagic blood
pressure reduction on day seven; and Group HI NE-ARF rats
undergoing renal denervation on day six prior to hemorrhagic
blood pressure reduction on day seven. BUN, Scr and Ccr were
measured on days 0, 3, 7, 9, and 14.
SBP reduction to a mean of 90 mm Hg was performed on day
seven as follows: animals were removed from metabolic cages
and anesthetized with light ether anesthesia. A sufficient quan-
tity of blood (volume 0.8 to 1.5 ml) was removed via femoral
vein catheter to reduce SBP from the pre-phlebotomy value
(mean = 120 4 mm Hg) to 90 3 mm Hg. SBP was measured
with a 25-gauge needle inserted into the tail artery and con-
nected to a Statham PD23 transducer. Blood was stored in a
heparinized syringe at 20°C and reinfused after four hours.
Animals were then returned to metabolic cages for completion
of BUN, Scr and Ccr measurements.
Experiment C: Histologic changes following hemorrhagic
SBP reduction in rats recovering from ARF
Sprague—Dawley rats weighing 250 to 300 g consisting of
Group I (N = 4), Group II (N = 5), and Group III (N = 5) as
described above were treated identically to those in Experiment
B, except that they were sacrificed on day nine for histologic
examination. Blocks of tissue 2 to 40 mm thick, including
cortex, medulla and papillary tip were removed from the rats on
day nine and fixed for four hours in 10% Zenker's formalin,
washed in water, stored in sodium phosphate buffer with xylene
and embedded in paraffin. Sections were cut 20 to 40 s and
stained with hematoxylin and eosin, periodic acid Schiff(PAS),
and Gomori's trichrome.
Renal morphologic alterations were evaluated using the cri-
teria established by Solez, Morel—Maroger and Sraer [6].
Changes were graded on a 0 to 2 scale in a double blind fashion.
There was uniform correlation on sections from the same
animal. These morphologic indices, abbreviated in the headings
to Table 1, were: neutrophils in vasa recti, tubular necrosis,
tubular regeneration, tubular cell mitoses, dilatation of
Bowman's space, tubularization of the parietal epithelium of
Bowman's capsule, calcific debris in tubular lumina, interstitial
inflammation, casts, prominence of the juxta-glomerular appa-
ratus, interstitial edema, and loss of tubular brush borders
(PAS).
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Table 1. Histopathology
Analytical techniques
BUN (p1 samples) was measured with a Beckman
microanalyzer. Serum creatinine and urine creatinine were
measured with a Beckman creatinine analyzer. Plasma and
urine inulin (p1 samples) were measured with a technicon
autoanalyzer (Technicon Instruments Corp., Tarrytown, New
York, USA). Data are expressed as mean SD.
Paired t-testing was used to compare differences in BUN, Scr
and Ccr within a group, and analysis if variance was employed
to compare differences among groups. Linear regression anal-
ysis was used to assess the relationship between RBF and SBP.
Differences between results in the autoregulation studies were
compared by analysis of variance of the mean slopes of regres-
sion lines. For the histologic studies, differences between
groups were compared utilizing Wilcoxon's two sample test for
non-parametric data.
The autoregulatory index (AR!) was determined according to
the equation described by Semple and de Wardener [7]:
F,-F2
F,
P'—P2
Pt
where F1 and P, are basal RBF and basal RPP, respectively,
and F2 and P2 are the RBF and RPP at 105 mm Hg, a value that
is above the lower range of autoregulation in the rat.
Results
Experiment A: Autoregulation with hemorrhagic reduction in
SBP
Figure 1 demonstrates the effect on RBF and C, as SBP was
lowered sequentially from the baseline value on day seven of
NE-ARF. In the Group I sham—infused controls, there was no
change in either RBF or C1, as mean arterial pressure was
reduced from a baseline of 121 3 mm Hg to 106 2 mm Hg.
However, when mean arterial pressure was further reduced to
89 2 mm Hg, there was a significant decrease in RBF and C1
(both P < 0.01). In Group II NE-ARF rats with intact renal
nerves, both RBF and C decreased significantly when mean
arterial pressure was reduced from a baseline value of 121 3
mm Hg to 107 3 mm Hg (both P < 0.01). A further decrement
in RBF and C1 occurred as mean arterial pressure was sequen-
tially reduced to 90 2 mm Hg. In Group III NE-ARF rats that
had undergone renal denervation prior to testing of autoregu-
lation, there was no significant change in RBF or C1 as mean
arterial pressure was reduced from the baseline value of 118
3 mm Hg to 104 1 mm Hg. As mean arterial pressure was
further reduced to 92 2 mm Hg, there was a significant
reduction in both RBF and C, (P < 0.01).
The correlation coefficients for the relationship between SBP
and RBF for Groups I, II and III, respectively, were r = 0.61,
P <0.05, r = 0.81, P <0.001, and r = 0.59, P <0.05. The slope
of SBP versus RBF for Group II was significantly greater than
that in Groups I and III (P < 0.01). For SBP versus C1 the
respective correlation coefficients for Groups I, II and III rats
were r = 0.38, P = NS, r = 0.57, P < 0.05, and r = 0.32, P =
NS. As with RBF the slope of SBP versus CIN was significantly
greater in Group II rats than in Groups I and III (P < 0.01).
The RBF autoregulatory indices were 0.09 0.02 in Group I,
3.49 0.25 in Group II, and 0.30 0.09 in Group III. The index
for Group II rats was significantly higher than that for Group I
or HI rats (P < 0.01), indicating impaired autoregulation of RBF
in Group II.
Experiment B: Effect of hemorrhagic reduction in SBP on
functional recovery from NE-ARF
The serial BUN, Scr, and Ccr values for Group I, II and III
animals are depicted graphically in Figure 2. BUN, Scr, and Ccr
in Group II and III animals were similar to each other but
significantly different from sham—infused controls on days three
and seven, indicating an acute reduction and subsequent im-
provement in renal function in the former groups. On day nine,
two days after hemorrhagic reduction in SBP to approximately
90 mm Hg for four hours, there was no change in BUN, Scr, or
Ccr in Group I sham—infused rats. However, after hemorrhagic
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Fig. 1. Lffect of hemorrhagic reduction in SB? to 90 mm Hg on RBF
and inulin clearance in NE-ARF. Hemorrhagic reduction in SBP had
minimal effect on RBF or inulin clearance in Group I (—)sham--infused
rats, but in Group IT (- - -) NE-ARF rats with intact renal nerves caused
a marked decrement in RBF and inulin clearance. In Group III (- -)
NE-ARF rats undergoing prior renal denervation, the effect of hemor-
rhagic reduction in SBP on RBF and inulin clearance was significantly
attenuated.
reduction in blood pressure on day seven, BUN and Scr rose
and Ccr fell significantly on day nine in Group II NE-ARF rats
with innervated kidneys. This was in marked contrast to the
continued improvement on day nine in each of these parameters
in Group III NE-ARF rats with denervated kidneys. By day 14
BUN and S. remained elevated and Cer remained reduced in
Group 11 compared to Groups I and III. Thus, hemorrhagic
reduction in SBP to the lower limit of autoregulation which had
no effect on sham—infused controls caused a second reduction
and delayed recovery of renal function in NE-ARF rats with
intact renal nerves. By contrast, the same perturbation did not
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Fig. 2. Effect of hemorrhagic reduction in SBP to 90 mm Hg on BUN,
Sr,, and C in NE-ARF. Hemorrhagic reduction of SBP on day seven
is indicated by the arrow. Hemorrhagic reduction in SBP had no effect
on renal function in Group I (—) sham—infused rats, but in Group II
(- - -) NE-ARF rats with intact renal nerves induced a recurrent rise in
BUN and Sr and decrement in Ccr. Group III (- -) NE-ARF rats with
prior renal denervation demonstrated no recurrent loss of renal function
after hemorrhagic reduction in SBP.
Table 2. Renal function on day nine in animals undergoing
morphologic studies
BUN
mgldl
Scr
mgldl
Cr
mi/mm
Group 1 24 4 0.53 0.06 1.84 0.09
Group II 61 9 2.57 Q•45a 0.32 0.06
Group III 32 3b 0.63 0,06b 0.82 008a.b
denotes different from Group I at P K 0.Ol
b denotes different from Group II at P < 0.01
cause further reduction in renal function in NE-ARF rats which
had undergone renal denervation prior to hemorrhagic reduc-
tion in SBP.
Experiment C: Histologic changes following hemorrhagic
SBP reduction in rats recovering from NE-ARF
Table 2 demonstrates the BUN, Scr and Ccr in Groups I, II,
and III rats at the time of sacrifice for morphology studies on
day nine after hemorrhagic reduction in SBP on day seven.
Within each group, renal function as assessed by each of these
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Fig. 3. Hematoxylin and eosin sections of Group I (A), Group ill (B), andGroup II (C) kidneys. In (A) the histology is essentially normal. The
brush border is preserved. There is no tubular dilatation or necrosis. In Group LII (B) there is slight dilatation and the brush borders are effaced.
There is some cellular edema but in the great majority of areas examined no consistent difference between this group and Group I was found. In
the section from Group 11(C), severe changes are seen. The tubules contain necrotic cells and debris. There is obvious tubular dilatation. The
interstitium is edematous and a chronic inflammatory infiltrate is present. (x250, (A) counterstained with PAS).
parameters was not significantly different (all P > 0.10) from the
corresponding value of the same group in Experiment B (Fig.
2). Thus the magnitude of decrement in GFR was similar in both
the renal function studies of Experiment B and the renal
histology studies of Experiment C.
The results of histologic studies on day nine, two days after
hemorrhagic reduction in SBP to approximately 90 mm Hg for
four hours, are seen in Table I and Figure 3. Hemorrhagic
reduction in SBP had no significant effect on the kidneys of
Group I sham—infused rats (Fig. 3A). However, in Group II
NE-ARF rats with intact renal nerves, hemorrhagic reduction
in SBP to 90 mm Hg induced fresh tubular damage (Fig. 3C).
There were extensive segmental areas of tubular necrosis with
prominent interstitial inflammation and edema. Granular casts,
nuclear debris, epithelial cells and neutrophils were present
within lumens. By contrast, in Group III NE-ARF kidneys with
renal denervation prior to hemorrhagic reduction in SBP, the
pathology was limited to minimal or absent tubular necrosis and
scant interstitial inflammation and edema in occasional animals
(Fig. 3B). The difference between Group II and Group III was
significant at the P < 0.01 level. Glomeruli and vessels in all
groups were intact and showed no significant abnormalities.
Thus, hemorrhagic reduction in SBP to 90 mm Hg for four
hours had no morphologic effect at the light microscopic level
on the kidneys of control rats, but induced severe, recur-
rent—ischemic renal injury in innervated NE-ARF rats. These
alterations were prevented or greatly ameliorated by prior renal
denervation in NE-ARF rats.
Discussion
The time course of recovery from ARF due to acute tubular
necrosis (ATN) is highly variable; while the average duration is
seven to 14 days, ARF in this setting may persist for weeks to
months [8]. A recent pathologic study by Solez, Morel—Maroger
and Sraer [6] in which renal biopsy was performed during the
maintenance phase of prolonged episodes of ATN demon-
strated histologic evidence of fresh ischemic lesions, suggesting
recurrent episodes of renal hypoperfusion. This observation
was somewhat surprising in view of the fact that basal RBF is
near normal during the maintenance phase of human ARF [9,
101. These discrepant findings of normal basal RBF and
pathologic evidence of renal ischemia led us to investigate renal
vascular dynamics in an experimental model of NE-ARF in the
rat [I]. This model is somewhat analogous to the human
disease, since there is significant azotemia (peak BUN 120 15
mg/dl at 24 to 36 hr) a mortality of approximately 50%, oliguria
followed by polyuria, and a reversible course over 14 to 21
days. In a previous study, we demonstrated multiple abnormal-
ities of renal hemodynamics during the maintenance phase of
NE-ARF. Autoregulation of RBF in response to a decrease in
RPP induced by aortic clamping was severely impaired; similar
findings have been noted in other models of ischemic ARF [2,
3]. We also demonstrated a loss of renal vascular reactivity to
renal artery infusion of NE, All, and ACh. Paradoxically, there
was an increased renal vascular response to direct renal nerve
stimulation which was not inhibited by phenoxybenzamine
blockade. Finally, the pathophysiologic significance of in-
creased sensitivity to renal nerves was strongly suggested by
marked improvement of autoregulation of RBF after acute renal
denervation.
In the present study, the observations noted above on the
loss of autoregulation of RBF in NE-ARF have been extended.
Hemorrhagic reduction in SBP to 90 mm Hg for four hours had
minimal effect on RBF in sham—infused control rats. By con-
trast, autoregulation of RBF in response to hemorrhagic reduc-
tion in SBP was markedly impaired in NE-ARF rats with intact
renal nerves. However, renal denervation prior to hemorrhagic
SBP reduction significantly improved autoregulation of RBF in
NE-ARF. These findings are quite similar to the previous study
[I] in which autoregulation of RBF in response to comparable
decreases in RPP induced by aortic clamping was markedly
impaired in NE-ARF rats with intact renal nerves; moreover, in
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that study autoregulation of RBF was similarly improved by
renal denervation.
The effect of hemorrhagic reduction in SBP to 90 mm Hg for
four hours on renal function and renal histology correlated well
with its effect on RBF. In sham—infused control rats, hemor-
rhagic reduction in SBP had no effect on renal function or renal
histology. By contrast, in NE-ARF rats with intact renal
nerves, hemorrhagic reduction in SBP induced significant renal
injury evidenced functionally by recurrent azotemia and de-
creased GFR, and histologically by multiple manifestations of
ischemic tubular damage. Moreover, renal denervation, which
markedly attenuated the decrease in RBF in response to hem-
orrhagic reduction in SBP, also prevented or significantly
ameliorated recurrent—azotemia, reduced GFR, and histologic
injury after hypotension in NE-ARF.
Clearly, hemorrhagic reduction in SBP induces multiple
systemic effects, such as activation of the sympathetic nervous
system and the renin—angiotensin system, which might play a
role in renal ischemia and reduced GFR. However, the findings
of the present study strongly suggest that in the setting of
transient hemorrhagic reduction in SBP, the loss of autoregu-
lation of RBF may contribute to recurrent ischemic injury and
a protracted course of ARF. Moreover, the pathogenetic role of
renal nerves in the loss of autoregulation is strengthened by the
finding that renal denervation improves autoregulation of RBF
during hemorrhagic reduction in SBP, and also protects against
recurrent ischemic injury during the maintenance phase of
NE-ARF.
It is impossible to directly extend a laboratory model of
experimental ischemic ARF to the clinical disease. Nonethe-
less, it is tempting to speculate that impaired autoregulation of
RBF could contribute to the highly variable natural history of
human ARF. Multiple insults such as dialysis—induced SBP
reduction, gastrointestinal bleeding, septicemia, or even vigor-
ous fluid restriction could result in episodes of decreased renal
perfusion pressure during the maintenance phase of ARF. If
autoregulation of RBF were impaired, reduced renal perfusion
pressure potentially could induce recurrent ischemic injury. In
the absence of available hemodynamic data regarding autoreg-
ulation of RBF during the maintenance phase of ARF in man,
this remains highly speculative. However, this hypothesis
would reconcile the apparently discrepant findings of normal
basal RBF and histologic evidence of recurrent—ischemic renal
injury in protracted episodes of human ARF [6].
Acknowledgments
Technical assistance was provided by Sandor Falk. Manuscript
preparation was provided by Gale Cohen and Sue Wolf. This work was
supported by NIH Grant 18097 and Veteran's Administration Research
Funds.
Reprint requests to Stephen P. Kelleher, M.D., Division of Nephrol-
ogy and Hypertension, HSC T15-020-Room 020, State University of
New York at Stony Brook, Stony Brook, New York 11794.
References
I. KELLEHER SP, ROBINETTE JB, CONGER JD: Sympathetic nervous
system in the loss of autoregulation in acute renal failure. Am J
Physiol 246:379—386, 1984
2. ADAMS PL, ADAMS FF, BELL PD, NAvAR LG: Impaired renal
blood flow autoregulation in ischemic renal failure. Kidney mt
18:68—76, 1980
3. MATTHYS E, PATTON M, OSGOOD R, VENKATACHALAM M, STEIN
J: Alterations in vascular function and morphology in ischemic
ARF. Kidney mt 23:717—724, 1983
4. CONGER JD, ROBINETTE JB, GUGGENHEIM SJ: Effect of acetyicho-
line on the early phase of norepinephrine—induced acute renal
failure. Kidney In! 19:399—409, 1981
5. ARENDSIIORST Wi, FINN WF, GOTTSCHALK CG: Autoregulation of
renal blood flow in the rat. Circ Res 44:344—349, 1979
6. SOLEZ K, MOREL—MAROGER L, SRAER J: The morphology of
acute tubular necrosis" in man: Analysis of 57 renal biopsies and
comparison with the glycerol model. Medicine 58:362—376, 1979
7. SEMPLE SJG, DE WARDENER HE: Effect of increased renal venous
pressure on circulatory 'autoregulation" of isolated dog kidneys.
Circ Res 7:643—648, 1959
8. LEVINSKY NG, ALEXANDER EA, VENKATACHALAM MA: Acute
renal failure, in The Kidney, edited by BRENNER BM, RECTOR FC.
Philadelphia, W.B. Saunders Company, 1981, pp. 1181—1236
9. HOLLENBERG NG, EPSTEIN M, ROSERY SM, BASCH RS, OKEN DE,
MERRILL JD: Acute oliguric renal failure in man. Evidence for
perferential renal cortical ischemia. Medicine 47:455—474, 1968
10. REUS FC, VORBURGER C: Renal hemodynamics in acute renal
failure after shock in man. Kidney In! 10:S137—S143, 1976
